In this paper, the structural characteristics of lifting mechanism of LiuGong CPD30 forklift are analyzed. After detailed analysis and calculation, it can satisfy the controllability and observability discriminant matrix. The structural characteristics of the hydraulic lifting system of forklift truck are analyzed and studied, which lays a theoretical foundation for the optimal design of the lifting mechanism of the forklift truck.
Introduction
The structural characteristics analysis of forklift truck hydraulic lifting system can make the analysis and synthesis of the system will be established on a strict theoretical basis. Controllability and observability are two important concepts in modern control theory. In modern control theory, the control of the state, that is whether the state vector can be controlled by the controlled quantity, and whether the state vector can be observed by the output, is entirely determined by the structural characteristics of the controlled system. Lifting the goods to a certain height or moving the goods from high to low is the most common working condition of forklift [1] [2] [3] . It requires forklift lifting system. However, due to the different weight of lifting goods and different lift heights, study the structural characteristics of forklift lifting system is necessary. And the controllability and observability of the system is verified by numerical calculation. It lays a solid theoretical foundation for solving the pole assignment and optimal control of the system in the future [4] [5]. The motor output torque on the oil pump, oil pump rod chamber for the hydraulic system oil flows through the valve into the hydraulic cylinder. And the oil cavity of the piston rod by squeezing through the reversing valve back into the tank. The motor torque to drive the pump pressure and the oil return tank pressure into the piston rod thrust acting on the movable pulley, the pulley thrust effect reduced to fork lift is accomplished. Based on the part of the lifting system of lift and lifting power up, according to the load of the hydraulic cylinder hydraulic cylinder to determine the rated pressure for the hydraulic pump, according to the determined cylinder pressure and flow of hydraulic system and the requirements for determining the rated pressure, displacement. Finally, the main parameters of the hydraulic cylinder and the oil pump are listed in Table 1 and  Table 2 . 
Hydraulic System Structure Parameters

Controllability Analysis of Hydraulic Lifting System
Controllability refers to the possibility that the control function controls the state of the controlled system. The complete controllability of the lifting system means that for any initial state of the system at any initial time, an admissible quantity of control can always be found, so that it can reach the target state in a limited time.
For the lifting system, the system matrix A and the control matrix B are under an initial state X. If in the time domain [t 0 , t f ], the X (t) is transferred to X (t f ) =0 through the control function u, and the system is controllable. The lifting system can be described by the standard equations of controllability: According to the controllability criterion, the controllability discriminant matrix Qc is calculated: It is obvious that the discriminant matrix is full rank (R Qc =3), so that the electric drive lifting system is completely controllable.
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Observe Ability Analysis of Hydraulic Lifting System
Observability is the possibility that a system measure determines the system state.. The complete observability of the system is that the system can only be determined by the input and output in a limited time in any initial state of the system.
For the lifting systems, the system matrix A, the output matrix M, and an initial state x can be determined by the output y measured in the time domain [t 0 , t f ], the system is observable. The observe ability discriminant matrix Q o is calculated according to observability criterion: It is obvious that the discriminant matrix is full rank(R Qo =3), so it is known that the electric drive lifting system is observable.
Conclusion
In this paper, the structural characteristics of the forklift lift system are analyzed in detail. The numerical calculation shows that the system has complete controllability and observability.
